Abstract: Although gastroesophageal reflux disease (GERD) has been reported to coexist with chronic rhinosinusitis (CRS), it remains controversial whether it increases risk of CRS in adults. This study accesses risk of CRS in adults with newly diagnosed GERD.
INTRODUCTION

G
astroesophgeal reflux disease (GERD), which is more prevalent in western populations, is also a prevalent disorder affecting 2.5% to 7.8% of the people in East Asia. 1, 2 It is a disorder characterized by reflux of stomach contents causing disturbing symptoms and/or complications. 3 Clinically, this disease encompasses not only classical esophageal syndrome but also an assortment of extraesophageal syndromes (EESs) including asthma, reflux cough, and chronic laryngitis. [3] [4] [5] In United States, the costs of caring for patients with EESs are greater than caring for patients that have typical GERD alone. 4 Because EESs do not necessarily occur with typical reflux symptoms, 5, 6 it is difficult to determine whether a symptom is a part of EES or an independent disease.
Chronic rhinosinusitis (CRS) is a group of disorders characterized by inflammation of sinonasal mucosa lasting for more than twelve weeks. [7] [8] [9] Clinically, it is often subgrouped into CRS without and with nasal polyps, 7, 9 the latter characterized by intense eosinophilic infiltration and a skewing toward TH2 cytokine expression. 10 CRS affects people of all ages, and rivals asthma and diabetes mellitus in prevalence. 11, 12 Due to its clustering of symptoms and chronicity, this disease has been associated with impaired health-related quality of life, emotional impairment, and functional limitation. 12, 13 The socioeconomic burden it poses from direct and indirect costs is large. 12, 13 Though the underlying etiology and pathogenesis of CRS remain largely unknown, it has been associated with a host of comorbidities, including GERD, particularly in investigations of children in studies with great statistical power. [14] [15] [16] [17] [18] It is unclear whether gastroesophgeal reflux disease increases the risk of chronic rhinosinusitis (CRS) in adults. Although some studies have found that it predicts the onset of CRS, [19] [20] [21] [22] [23] others have not. [24] [25] [26] [27] Most of these studies, unfortunately, are limited by either small sample sizes, differences in study populations, or unsound diagnostic methods. [19] [20] [21] [22] [23] [24] [25] Therefore, we conducted a large-scale population-based cohort study in Taiwan to investigate the subsequent risk of CRS without nasal polyps and CRS with nasal polyps after a diagnosis of GERD.
METHODS AND MATERIAL
Ethical Consideration
This study was approved by the Institutional Review Board of Kaohsiung Veterans General Hospital. Review board requirements for written informed consent were waived because all personal identifying information had been removed from the dataset before analysis.
Database
The study samples were retrieved from the Longitudinal Health Insurance Database 2010 (LHID 2010 
Study Design and Participants
In this retrospective cohort study, we enrolled a cohort of 15,807 adult subjects (older than 18 years) who were newly diagnosed as having GERD (International Classification of Diseases, 9th revision, Clinical Modification [ICD-9-CM] codes: 530.11 or 530.81) and who subsequently received proton pump inhibitor (PPI) for treatment of that disease between January 1, 2007 and December 31, 2009 from the LHID 2010. The date on which the diagnosis of GERD was recorded in the Registry was defined as the index date. This diagnosis was validated by the prescription of PPI because Taiwan's Bureau of NHI only reimburses PPI for patients with GERD confirmed by panendoscopy or 24-hour pH-meter monitoring. We created a control group of 47,421 patients without GERD from the remaining beneficiaries of LHID 2010. We used propensity score matching to match patients and controls by sex, age strata (18-44, 45-64, 65-74, 75-84, !85 years), index year, and comorbidity types. The selected comorbidities for which the subjects were matched are recognized to be common premorbid illness of CRS, 14, 15 including asthma (ICD-9-CM code: 493.X), allergic rhinitis (AR) (ICD-9-CM code: 477.X), otitis media (OM) (ICD-9-CM code: 382.X), adenotonsillitis (ICD-9-CM codes: 474.0X or 474.1X), atopic dermatitis (AD) (ICD-9-CM code: 691.8), and pneumonia (ICD-9-CM code: 480-6). In both groups, subjects with a prior diagnosis of GERD, CRS (ICD-9-CM codes: 473.X or 471.X), human immunodeficiency virus infection (ICD-9-CM code: 042), or primary immune deficiency (ICD-9-CM code: 279.X) before the index date were excluded. Ultimately, 63,228 subjects were enrolled. The flowchart for the selection process is shown in Figure 1 .
Main Outcome Measures
The primary endpoint of the present study was a subsequent diagnosis of CRS, including CRS without nasal polyps and CRS with nasal polyps, during the study period following the GERD index date. A diagnosis of CRS was defined as diagnosis of CRS without nasal polyps followed by at least one NHI ambulatory care visit (including hospital and clinic outpatient visits). The diagnosis was certified by an otolaryngologist experienced in airway endoscopic examinations, including sinoscopoy (Specific Diagnosis and Treatment [SDT]:28003C), nasopharyngoscopy (SDT:28002C), or flexible laryngoscopy (SDT:28004C), or 1 inpatient record indicating CRS without polyps. To be included, the patients with CRS without nasal polyps could not have a prior or subsequent diagnosis of nasal polyps listed in the medical claims records throughout the study period. We only included patients with CRS with nasal polyps if they fulfilled the requirements listed above for CRS without nasal polyps and they were further diagnosed as having CRS with nasal polyps subsequent to their inclusion indicated by the date that its ICD-9 code was recorded. In other words, the subjects could be recategorized if nasal polyps developed.
We tracked each subject (N ¼ 63228) individually until the occurrence of CRS or the date of death, dropout from the insurance program, or to the end of 2012 if no CRS was diagnosed.
Statistical Analysis
All statistical analyses were performed using SAS software version 9.3 (SAS Institute, Cary, NC) and STATA software package version 12.0 (Stata Corp., College Station, TX). Pearson x 2 tests were used to explore the differences between categorical variables and t test for continuous variables between cases and controls. We accessed the cumulative incidence of CRS using Kaplan-Meier analysis and calculated CRS incidence rates (per 10,000 person-years). Difference between cumulative curves was compared using the log-rank test. Risk of CRS following a diagnosis of GERD between the 2 cohorts was performed Cox proportional hazard regressions (stratified by gender, age strata and index year), using the controls as the reference group. Furthermore, we explored individual adjusted hazard ratios (HRs) for CRS with and without nasal polyps in both cohorts. Multiple regression analysis was performed to identify independent risk factors in GERD patients with CRS without nasal polyps and CRS with nasal polyps, respectively. A 2-tailed P-value <0.05 was considered significant.
RESULTS
Characteristics of Study Population
This study identified 15,807 patients newly diagnosed with GERD (mean age ¼ 50.87 years, standard deviation [SD] ¼ 16.25) and 47,421 match controls (mean age ¼ 49.47 years, SD ¼ 17.58 years) for the 2007-2009 study period. Most patients (42.62%) were aged 45 to 64 years, and asthma and AR were the most common comorbidities (6.60% and 16.26%, respectively). There were no significant statistical differences between the 2 cohorts with regard to age, sex, and comorbidity types (Table 1) . However, there was a difference in duration of follow-up, which was longer in the non-GERD population without nasal polyps (P ¼ 0.0239) ( Table 1) .
Incidence of CRS
Out of the 63,228 patients and controls, 964 (1.52%) were diagnosed as having CRS over a mean follow-up period of 2.12 years (95% confidence interval [CI] ¼ 1.94-2.24). A total of 406 (0.64%) patients with GERD and 558 (0.88%) of the controls developed CRS during the follow-up period. Seven hundred seventy-one of the 964 patients that developed CRS did not have nasal polyps. A greater percentage of the patients with GERD had CRS without nasal polyps than did the control group (2.12% vs 0.92%) ( Table 2 ). The incidence rates of CRS without nasal polyps in the GERD patients and control groups were 48.80 and 19.59 persons per 10,000 person-years. GERD patients were at significantly higher risk of CRS without nasal polyps than the controls (log rank test, P < 0.001) (Fig. 2) .
Patients with GERD had a higher prevalence of CRS with nasal polyps than those without (0.45% vs 0.26%) ( Table 2 ). The incidence rates were 10.24 and 5.45 per 10,000 personyears, respectively (Fig. 3) . The result of our Kaplan-Meier analysis of the cumulative incidence of CRS with nasal polyps shows it to be significantly higher for patients with GERD than those without (log rank test, P < 0.001).
Association Between GERD and Risk of CRS
The adjusted HRs for CRS in general, CRS without nasal polyps, and CRS with nasal polyps in patients with GERD were 2.36 (95% CI ¼ 2.08-2.68; P < 0.001), 2.48 (95% CI ¼ 2.15-2.86; P < 0.001), and 1.85 (95% CI ¼ 1.37-2.48; P < 0.001), respectively, after controlling for age, sex, and comorbidities (Table 2) . Patients with GERD were at risk for subsequent CRS, and they were at greater risk of CRS without nasal polyps than CRS with nasal polyps.
The results of our multivariate regression analysis showed that our GERD population had higher adjusted HRs for both CRS without and with nasal polyps in the age category of 45 to 64 years (adjusted HR ¼ 1.59, 95% CI ¼ 1.24-2.04 vs adjusted HR ¼ 1.94, 95% CI ¼ 1.09-3.44, respectively) and comorbid AR (adjusted HR ¼ 3.15, 95% CI ¼ 2.50-3.96 vs. adjusted HR ¼ 2.34, 95% CI ¼ 1.39-3.94, respectively) compared with reference groups. In addition, male patients with GERD had a 2.16-fold (95% CI ¼ 1.31-3.58; P < .01) higher risk of CRS with nasal polyps than their female counterparts (Tables 3  and 4) .
DISCUSSION
This study found an independent association between newly diagnosed GERD and risk of subsequent development of CRS and estimated the risk for subsequent development of CRS in adult GERD patients. To the best of our knowledge, this is the first study to investigate the association of GERD and CRS in adults in an East Asian population. It contributes to large-scale epidemiological data regarding this association from a Chinese population to the prevailing western population studies.
Pediatric studies have found a strong association between GERD on CRS in children, 17, 18 whereas studies on relationship between GERD and CRS in adults have produced conflicting results. On the one hand, Jecker et al 19 reported that GERD, but not laryngopharyngeal reflux, was more commonly associated with CRS. Using a 24-h pH probe, Wong et al, 20 in a prospective that reflux had no effect on nasal mucociliary clearance. Similarly, DeConde et al 25 reported that comorbid GERD had no impact on both baseline and postoperative quality of life for CRS patients undergoing endoscopic sinus surgery. Therefore, as concluded by 2 review studies, the association between the 2 diseases in adults has not been consistently demonstrated. 26, 27 In addition to hospital studies, there have been 2 recent population studies that have included these diseases in their research. One study, known as the GHS study, examining health records from 41 community primary practice clinics and 4 hospitals, reported that CRS patients were more prone to having antecedent GERD as well as a host of respiratory and epithelial inflammatory illness than their comparison cohort. 14, 15 That study noted that, in addition to the well-known risk factors for development of CRS, including asthma and AR, there are a several other diseases that can occur before a diagnosis of CRS without nasal polyps, including GERD, adenotonsillitis, OM, pneumonia, and AD.
14 More recently, a prospective epidemiologic follow-up investigation, known as the RHINE study, administered a questionnaire to a randomly selected cohort of North Europeans and found people with nocturnal GERD to be 1.6 times more likely than those who did not have this disease to have further developed adult-onset noninfectious rhinitis after a follow-up period of 10 years. 30 That study was limited, however, by the fact that they did not use professional society guidelines for diagnosis, did not take into account recall bias, and did not take into account differences in impact on the various phenotypes of noninfectious rhinitis.
There are several possible reasons for the increased risk of CRS in GERD patients. First, pathogenic reflux causes frequent and prolonged exposure of gastric contents to the esophagus and may reach the nasopharynx. Changes in the homeostasis of sinonasal epithelium, which could occur as result of prolonged exposure to refluxate, can contribute importantly to the pathogenesis of CRS. 31 We hypothesize that acid, pepsin, trypsin, and bile contained in refluxate might directly injure sinonasal epithelium as it does esophageal mucosa, which would result in epithelial barrier dysfunction and allow micro-organisms to flourish on the surface of mucosa. 32 Further studies are needed to test this hypothesis. If so, the compromised epithelium could induce a series of immune responses, including production of epithelial-derived cytokines, which contribute to both innate and adaptive type 2 inflammations through the activation of toll-like receptors. 33 The resulting tissue remodeling could then be responsible for the development of rhinosinusitis as well as nasal polyps. 34 Another reason that might put GERD patients at risk for GRS is that a vagal nerve-mediated reflex arc might exist between respiratory mucosa of nose and sinus cavity and the esophagus. Wong et al 35 reported that esophageal parasympathetic receptors in GERD patients were hyper-responsive to different stimuli, such as acid provocation or mechanical distention. This phenomenon can be partially explained by increased expression of nerve growth factor 36 and transient receptor potential vanilloid type 1 37 . Such a esophageal-nasal reflex could be responsible for nasal congestion, excessive nasal secretions, and continuous postnasal drainage. 22, 35 Synergistically with other predisposing factors, neuropathic rhinitis could potentially contribute to the development of CRS in people with GERD. Still another possible reason for the increased risk of CRS in this population might be related to the association between GERD and eosinophilic esophagitis. 38 This immunemediated esophageal disease is characterized by esophageal eosinophilia resulting from overexpression of several proinflammatory mediators, including thymic stromal lymphopoietin, 39 a key regulator in the development of CRS. 40 In some cases, GERD occurs with this histologic feature of esophageal eosinophilia, and thus it may be that GERD can lead to CRS through a complex immunologic mechanism linking upper respiratory and esophageal mucosa.
Interestingly, after adjusting for demographic characteristics and selected comorbidities, this study found that patients with GERD were 2.48-and 1.85-times more likely than controls to have been subsequently diagnosed with CRS without nasal polyps and CRS with nasal polyps, respectively. As was found by the GHS study, the association between newly diagnosed GERD and risk of newly diagnosed CRS without nasal polyps was stronger than the association between GERD and CRS with nasal polyps. Given the multiplicity and complexity of the pathogeneses of GERD and CRS, consistent evidence addressing the phenomenon is limited. One possible reason for the difference in risk estimates is that the GERD's inflammatory profile resembles that of CRS without nasal polyps more closely than the profile of CRS with nasal polyps. 10, 41 It is also worth noting that the risk estimate values in the present study were even higher than those reported in the GHS study, especially for those with CRS without nasal polyps. These differences could be explained by differences in race and geographic region, but they could be related by how GERD was defined by the 2 studies. GHS's GERD cohort was selected based exclusively on practitioner-coded ICD-9 codes, 14 whereas our study selected patients based on prescriptions of PPI, which we used as a surrogate for a diagnosis of GERD. In Taiwan, the National Health Insurance program covers the use of PPIs only for patients with reflux erosive esophagitis proven by panendoscopic examination. The duration of use depends on the severity of esophagitis. Prescription of PPIs to the nonerosive reflux disease is only indicated after esophageal pH-meter monitoring. However, this diagnostic methodology is not commonly utilized in the current medical practice in Taiwan. These differences in cohort selection may partially explain the differences in risks estimated by the two studies. This difference in selection would also result in difference the distributions of GERD subgroups. A greater proportion of the GERD population in our study may have had erosive esophagitis, and so macroscopic esophageal mucosal breach as well as the high-grade inflammation involved in this disease may contribute importantly to the development of CRS. 32 A well-designed prospective study is needed to compare the effects on erosive and nonerosive reflux disease on the development of CRS with and without polyps.
This study has several limitations. One limitation was that we could not obtain information on the number and severity of symptoms as well as endoscopic findings from the administrative database we used, and thus it was not possible to determine the relationship between severity of GERD and CRS. Another limitation is that all GERD patients in this study were receiving PPI treatment, so it was not possible to determine whether the risk of developing CRS was modifiable by PPI treatment. In addition, we sampled the patients of the 2 diseases based on order of priority. Because both conditions require a period of time to develop, we could not exclude the coexistence or inverse timing sequence possibilities of the 2 conditions. Still another limitation is that we did not have access to information for some variables that contribute to propensity to CRS, such as exposure to cigarette smoke, air pollution, chemical particles, and vapors. 15 
CONCLUSIONS
In conclusion, patients with GERD in this populationbased study were at greater risk of developing CRS, especially of CRS without nasal polys, compared with patients without GERD. Physician may want to keep the possibility of the 
